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Most of the humic substances which occur in natural waters have an iron 
content of a few percent, indicated by the mg/1 content of organically-
bonded carbon. (Table 1) 
Table 1. Iron content of some humus-rich waters. 
This iron is apparently bound in a complex with the humic substances, 
for it quite plainly differs in its chemical and physico-chemical properties 
from what one would expect from the purely inorganic iron-water system. (Fig 1) . 
The deviations range from the solubility to the redox behaviour, and thus are, 
in the water supply industry, frequently the basis of analytical and technical 
difficulties. (4,5) 
The key to the solution of most of this problem lies in a better understanding 
of the aforementioned bonds between the iron and the humic substances. 
Fig. 1. Potential-pH diagram for 
the Fe-H20 system at 25 C 
(simplified after Pourbaix). 
Residue of iron, with a low pH value. 
As is evident from Fig. 1. in the pure inorganic system under a pH 
value of 4, iron II and iron III are considered as ions in solution. The 
boundary with particulate iron III hydroxide is thus variable and influenced 
by other material held in the water. 
Investigations to isolate and find the amount of humic substances were 
performed with the help of a polystyrene resin XAD-2 with the acidity of the 
waters corresponding to a pH value of 2.2 (3,6). They revealed that it is 
the case that most of the iron can enter into solution from the bond with 
the humic substances, but a residue of 10-20% remained fixed to the organic 
molecule. 
Fig. 2 shows for samples from the surface, from the base and from sediment, 
an iron concentration, typical of bog lakes (all work with pore water was 
carried out in the presence of nitrogen to avoid oxidation reactions). 
Readings were made using a coring device of the above-named type in the inflow 
and also the outflow. 
Fig. 2. Iron content 
of. the humic substance 
concentration from the 
bog lake sample. 
From the results it is shown that as well as a large proportion of weakly-
bound iron, strongly bonded iron occurs. This has been observed by other 
authors (7-9). 
Relative stability of iron II and iron III complexes. 
Questions concerning the valency state of the iron held in humic 
complexes can at present only be answered unsatisfactorily, for the 
analytical results vary widely, and redox reactions between metal and 
residual humic substances are not fully known. (1,10). 
An indication of the relative stability of the complexes of 2 and 3 
valency iron can be reached however by polarographic readings. The relatively 
iron poor humic substances eluted from the XAD-2 column with a 0.2 molar 
solution of sodium carbonate were 'changed' with iron II and iron III salts, 
and with the help of differential pulse polarography readings were made using 
the principle which had also already been employed by Nurnberg for the 
understanding of complex formation. (11) 
In 10 2 + molar acetate buffer solution (volume 10 ml) which contained 
Fe and Fe to a concentration of 20u mol/l the stated amounts of neutral-
ised extracted humic substances were added at a pH value of 7. 
From the current peaks, at a potential of -0.2v (in the case of Fe3+ 
series of measurements) and at -1.35V (for Fe series of measurements) the 
amount of iron which was uncomplexed up to this point was determined. The 
outcome of this reading which is of the (iron) content with organically bonded 
carbon brought from the humic materials is shown in Fig. 3. 
Fig. 3. Complexing of iron (% Fe= uncomplexed) 
by humic substances from the surface of a bog 
lake (after concentration by XAD-2). 
It is obvious that in the case of Fe 3 + 2-4 fold amounts of humic sub-
stances are necessary in order to reach the easily complexing state found 
with Fe 2+. It is self-evident that these statements only apply to the 
defined reaction conditions. Whether the relative stability of Fe 2+ Fe3+ 
is shown with humic substances oi other extraction, must yet be investigated. 
The results gained up to now agree with the observation that in the case of 
exposure to air of humic substances in solution iron III hydroxide precipitates. 
This agrees with ligand field theory, when with a higher field state the two 
valency iron complexes are energetically more favourable than the three 
valency ones (12). 
Complexing with copper. 
When reading the optical spectrum from a solution of copper II and a 
known concentration of iron poor humic material eluted from XAD-2, brown 
particulate substances precipitated. Closer investigation of this phenomenon 
showed that with a pH value of 6, a humic substance content of 200 mg/1 Corg 
and a copper concentration of 1 mmol/1, a heterogeneous system is under 
consideration, of which the iron concentrations are shown in Table 2. 
The values of the iron in solution and particulate iron (>0.45um) complement 
each other, so that it can be concluded that under the given reaction conditions 
copper occurs as an amount (60%-80%) of the residual iron in the humic material. 
The liberated iron accumulates (in the presence of air) in the form of a 
precipitate, which contains iron III hydroxide. 
Conclusions. 
For aquatic humic material an iron content of a few percent (relative to 
Corg) is characteristic. Observations on the formation of iron show that the 
following can be discovered for example in a sample from a bog lake:-
1. In the samples of natural material distinctly strongly co-ordinated bonds 
are found. The 80% of iron which is relatively easily bound in complexes can 
be freed by lowering the pH value to 2.2. 
2. Humic material with the remaining residual content of iron is more strongly 
associated with iron II rather than iron III, as shown by polarographic readings 
(under conditions of a pH value of 7.0). 
3. The remaining relatively strongly bound iron in the humic substances at a 
pH value of 2.2 can be displaced more readily than excess copper II, in 
conditions of a pH value of 6.0. 
4. The stability of the complexes lies in the series 
Cu 2+> Fe 2+> Fe 3+ 
In the natural humic materials the two valency form of iron is found most frequently. 
5. The Ligand-Field-Theory, as also the experimentally ascertainable 
instability of natural humic substance complexes under conditions of oxidation, 
underline the significance of iron II in considering humic complexes occurring in 
waters. 
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